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Abstract 
The investment in commodities is starting to be more important during the last years. The 
paper describes the characteristics of financially important commodities. In many cases a pas-
sive investment in an index is most suitable. As the GSCI is found to be the most important, 
its underlying futures are analyzed. The change of risk-return relationships in equity and bond 
portfolios including commodities is discussed. The paper shows that the effects differ sub-
stantially  during  different  holding  periods.  Especially  during  times  of  high  inflation  and 
strong equity markets, commodities were a sensible addition. Still, the total performance from 
1976 to 2006 was not convincing. This paper reveals that the performance does not mainly 
depend on the spot return but more on roll and collateral return. 
Key  words:  commodities,  investable  commodities,  commodity  future,  commodity  index, 
GSCI, portfolio optimization with commodities, spot return, roll return, collateral return  
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1  Introduction 
Historically, commodities played a minor role in the investment decisions of institutional as-
set managers and private investors. According to an estimation by Goldman Sachs, the fund 
managers weighted commodities with only 2 to 4 percent in their portfolios in 2005. 
However, in the last few years a growing interest of investors in commodities has been ob-
served. In a Barclays survey (2005), conducted with 150 fund managers, 66 percent of them 
said that they are aiming to increase the commodity weight to 6 and more percent in the next 
three years. The US mutual funds increased their investments in commodity indices from 
USD 300m  in  2002  to  USD 7bn  in  2005.
１  Worldwide  current  net  value  of  commodity-
indices-based  investments  of  institutional  asset  managers  is  estimated  at  USD 87.9bn. 
USD 10.8bn are bound in the Dutch pension plan funds ABP, PGGM, and PME that discov-
ered commodities as an investment alternative some years ago.
２ 
The advantages of commodities as an asset class are obvious and empirically evident. Over 
time commodities have demonstrated a low, and in some cases negative, historic correlation 
of returns with stocks and bonds as well as a positive correlation with the consumer price in-
crease (inflation rate). These characteristics imply that including commodities in a traditional 
stock and bond portfolio can reduce the overall portfolio risk and improve the risk-adjusted 
performance characteristics of the total portfolio. Additionally, it is a fact that over the past 45 
years, a diversified commodity futures portfolio has returned the same risk premium as the 
Standard & Poor’s 500.
 ３ However, the sources of these returns should be analysed carefully. 
The main reasons for the investors’ interest are the globalisation and a rising demand of the 
producers and consumers for commodities in Emerging Markets like China, India as well as 
an underinvestment in commodities production in the past 10 to 15 years which has resulted 
in an insufficient supply and a rocketing price development. Another reason is the investors’ 
disappointment with the performance of the stock market after the “technology-bubble”-era. 
The objective of this work is  
-  to describe investment opportunities in the commodity market, 
-  to explain how the return-risk-ratio can be improved with the involvement of com-
modities in a passive investment strategy based on portfolio selection models, 
-  to examine whether commodities are always a reasonable component in a portfolio or 
if there are phases unsuitable for investments in commodities. 
                                                 
１ Cf. Atonce Capital Management, online: without page 
２ Cf. Mezger, M./Eibl, C. (2006): p. 20 
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2  Investments in Commodities 
2.1  Commodity Definition 
In the narrowest sense and according to the economical categorisation used in national ac-
counting, non-financial commodities are defined as “essential raw materials” that come from 
the  primary  sector,  which  includes  agriculture  and  mining.  In  the  widest  sense,  the  term 
“commodities” also contains semi-finished products used by producers and consumers, al-
though a significant proportion of the value of such products has been added by the manufac-
turing sector through the activities of slaughterhouses, pulp mills and copper smelters, refiner-
ies, etc. (e. g. meat, paper pulp and refined copper).
４ Electricity as well as modern commodi-
ties like bandwidth, and so called negative commodities such as emissions credits or weather 
events, are not the subject of this work. 
The financial view of commodities in this paper signifies that an investor looks at all trans-
portable natural resources, raw materials and products which are traded with competitive bids 
and offers. The major favourable aspects are cash settlement only and low transaction cost. 
Generally, the focus lies therefore on commodity future and investable indices. The special 
points of interest are the following five sub-categories: 
(a) Energy which includes crude oil, heating oil and natural gas, 
(b) Precious Metals comprised of gold, platinum and silver, 
(c) Industrial, or so called Base Metals, which consist of aluminium, copper, lead, nickel, 
zinc, tin, 
(d) Agricultural Products which include corn, soybeans and wheat (Grains) as well as co-
coa, coffee, cotton, orange juice and sugar (Soft Commodities), 
(e) Livestock including live cattle and live hogs. 
In the following sections the characteristics of single commodity groups are presented.  
2.2  Energy 
There are two well-known types of crude oil (petroleum) which are used as pricing bench-
mark for other types of oil on the commodity exchange: West Texas Intermediate (WTI) 
and North Sea Brent Crude.
５ Other types of oil are traded with discount on the price of the 
                                                 
４ Cf. Radetzki, M. (1990): p. 2. 
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reference oil type. Both types are characterized as light sweet crude oil.
６ This name is given 
to barrels of crude oil that meet certain content requirements, such as low levels of sulphur 
(for sweetness) and hydrogen (for lightness, or rather gravity). This type of oil is much easier 
to refine into gasoline (petrol), diesel, fuel oil/heating oil than sour crude. Most of US refiner-
ies (in the Midwest and on Gulf Coast) are able to refine only light sweet types of oil. Sour 
types of oil need more refining to meet current end-product specifications and the refining 
process of sour types of oil is much more difficult and expensive. Typically, the North Sea 
Brent Crude is refined in Northwest Europe, but when the market prices are favourable for 
export, it can also be refined in the East or on the Gulf Coast of the United States or in the 
Mediterranean. 
The price per barrel of oil is therefore highly dependent on both its gravity grade (API) and its 
sulphur content. 
Sweet crude future contracts are the most popular oil contracts traded on the commodity mar-
kets. WTI is the underlying commodity for the future contracts traded on the New York Mer-
cantile Exchange (NYMEX), whereas Brent Crude is the underlying one for the commodity 
future exchange International Petroleum Exchange (IPE) in London. Moreover, Brent Crude 
is the pricing benchmark for the oil production from Europe, Africa and the Middle East (for 
more than 65% oil stocks traded worldwide).  
Because of the higher quality and properties of WTI, the typical price difference per barrel 
between WTI und Brent Crude is about 1 USD, the price difference between WTI and OPEC 
Basket
７ ７ ７ ７ is about 2 USD.  
Natural gas is traded in 10,000 million British Thermal Units (MmBtu)
８ and is the underly-
ing of future contracts traded on the NYMEX. 
Heating oil is the second most important fuel after natural gas in the United States. It is a 
flammable liquid petroleum product with a low viscosity, used to fuel building furnaces. 
Heating oil accounts for about 25% of the yield of a barrel of crude oil, the second largest 
end-product share after gasoline (petrol). The heating oil futures contract are traded in units of 
42,000 US gallons (1,000 barrels) and based on delivery in the New York Harbor. Options on 
futures, calendar spread options contracts, crack spread options contracts, and average price 
options contracts give market participants even greater flexibility in managing price risk. 
                                                 
６ WTI-oil is lighter (API-gravity~39.6) and sweeter (0.24% sulphur) than Brent Crude (API-Gravity ~38.6; 
0.37% sulphur); API-Grade/API-Gravity (American Petroleum Institute-Grade) or viscosity is a conven-
tional, common gravity unit for crude oil. It is used as a characteristics and quality benchmark for crude oil 
worldwide. Crude oil with API-Grade higher than 31,1 °API is classified as „light“, in the range of 22,3 °API 
und 31,1 °API as "middle" and below 22,3 ° as "heavy".  
７ OPEC Basket = average price of 11 types of oil from the OPEC-countries. The OPEC-oil is heavier than both 
Brent and WTI, and contains more sulphur. It is mainly refined in Asia. 
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The heating oil futures contract is also used to hedge diesel fuel and jet fuel, both of which 
trade in the cash market at an often stable premium to NYMEX Division New York Harbor 
heating oil futures. 
2.3  Precious Metals 
The group of precious metals includes gold, silver as well as metals of the so called PGM-
Group
９ including Palladium and Platinum. A specialty of precious metals compared with 
many other commodities is their feasibility of storage at tenable costs.  
Gold, silver and platinum future contracts are traded on the Commodity Exchange (COMEX) 
of the NYMEX and on the Chicago Board of Trade (CBOT); palladium future contracts only 
on the COMEX.  
On the one side, gold is a “real” commodity used for consumption and production. On the 
other side, gold is considered to be a financial monetary asset. About 15% of the annual gold 
production is held by investors in physical form
１０ and provides a natural hedge against cur-
rency  weakness  because  of  a  verified  statistically  significant  negative  correlation  to  the 
USD.
１１ Since a few  years there is a supply deficit for gold which is primarily satisfied 
through the sale of central banks’ holdings. It is estimated that there is a direct relationship 
between  the  COMEX  warehouse  stocks  and  gold  price  movements  suggesting  that  the 
COMEX warehouse stocks may be a useful proxy for the short-term supply-demand balances.  
Silver is the second most important precious metal. Silver is a by-product from the mining of 
the base metals copper, lead and zinc. In the USA the mining of industrial metals makes up 
50% of silver production. Therefore, silver supply is strongly correlated with the supply of 
base metals. Nearly 21% of silver production resulted from recycling in 2004. The demand 
for silver has exceeded the supply for many years what results in the worldwide silver stocks’ 
decline. Unlike gold, there is little relationship between silver inventories on the COMEX and 
the silver price.
 １２ 
The platinum market was characterised by a supply deficit in the last years. The platinum 
demand is expected to increase further in the next several years because of the new auto-
emissions-regulation  Euro  V  (2008)  and  Euro  VI  (2010/2011)  as  platinum  is  used  in  the 
automotive sector for production of catalytic converters on a large scale. The second field of 
usage is the jewellery sector. Increasing production volume of fuel cells will also cause fur-
ther demand, with an estimated increase of 10% till 2015. Because of similar chemical char-
                                                 
９ PGM = Platinum Group Metals include besides platinum and palladium also rhodium, iridium, osmium, and 
ruthenium 
１０ According to the statistics of the World Gold Council, the World Official Gold Holdings of Central banks 
amount to 30,988.3 tons as of December 2005; approximately 26% is held by the Federal Reserve Bank 
１１ Cf. Kavalis, N. (2006): pp. 3ff. 
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acteristics, platinum can be substituted with cheaper palladium in all fields with the exception 
of the jewellery sector, in case of platinum shortage and resulting high prices.  
2.4  Industrial Metals 
The group of industrial metals includes aluminium, lead, copper, nickel, zinc and tin. They are 
traded on the London Metal Exchange (LME), and some of them also on the COMEX. The 
demand for base metals is considered to be dependent on the worldwide economical develop-
ment. The growing demand for industrial metals in the emerging markets is the reason for a 
possible shortage, and therefore an increase in prices.
１３
 
All industrial metals run through a two-steps process consisting of mining and processing. 
A quarter of aluminium production costs are energy costs, that is why the aluminium price is 
positively correlated with the oil price. Over 60% of annual aluminium production comes 
from recycling. This percentage is expected to increase over time. It costs far less to produce 
aluminium as well as other metals from scrap than to extract it from bauxite ore. Aluminium 
is used in the automotive industry (26% of the total demand), packaging industry (22%) and 
construction industry (22%). The supply excess in 2001-2003 changed to a supply deficit in 
2004-2005. 
The worldwide resources of copper are estimated at 2.3 billion tonnes: 1.6 billion tonnes on 
the mainland, and 700 million tonnes on the seabed. It is widely believed that copper demand 
is closely linked to the economic cycle or, put more strongly, that global economic growth is 
the principal factor that drives demand for copper. Therefore, demand for copper (but not the 
copper price!) is strongly pro-cyclical.
１４ More than 40% of demand derives from the con-
struction industry, with electrical and electronic products accounting for an additional 27%. 
Since 2003 the demand for copper exceeded the supply so that copper inventories on the LME 
and COMEX are almost completely exhausted. The LME copper stocks changes provide in-
vestors with a useful, timely price indicator. The BMO Financial Group's Commodity Price 
Report from July 19, 2006, reports: “With [copper] inventories at critically low levels, de-
mand firming amid healthy global economic growth, and production gains likely limited, the 
resulting tight market balance should keep prices high, even if volatile, during the rest of the 
year.” BMO Financial Group pointed out on May 9, 2006: “With supplies already stretched 
and demand strong, prices received further impetus from a drop in LME inventories, supply 
disruptions in Chile and Mexico, and buying by investment funds [...] Inventories are cur-
rently at critically low levels, demand is strengthening amid strong global economic growth as 
well as for seasonal reasons, and production gains are limited. Together, these factors suggest 
continued high prices in the short term.”  
Lead and zinc are the two most widely used non-ferrous metals after aluminium and copper.  
Lead can be found in ore together with copper, zinc and silver. The mining of lead is mostly 
                                                 
１３ Cf. Pulvermacher, K. (2005b): pp.2 ff. 
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carried out in the developing countries while the smelting mainly takes place, with exception 
of China, in western industrial countries. More than 50% of lead supply comes from recy-
cling, and this secondary supply from recycled scrap plays an increasing role. Therefore, mine 
production alone is not a particularly useful proxy for supply, and is expected to become less 
useful over time. The biggest use of lead is in lead acid batteries, which accounts for a steadi-
ly growing share of demand to 78% in 2004. These batteries are used in vehicles, and also in 
emergency power systems, for instance in hospitals. This share has remained remarkably con-
stant over time. Currently lead is often substituted by synthetic materials, plastic, aluminium, 
iron and tin. Similar to copper, movements in LME inventories inform investors about possi-
ble future changes in the lead price.  
Worldwide reserves of zinc are estimated at 1.9 billion tonnes, the annual zinc production 
amounts to approximately 10 million tonnes. The zinc processing has a very high price elas-
ticity because the mining companies have shown that it is possible to increase production in 
case of increasing prices. The existing “bottleneck factor” is the limited capacity of the smelt-
ing plants. The use of zinc as a protective coating for other metals, such as iron and steel, in a 
process known as galvanization, accounts for more than half of the zinc consumption. Zinc is 
also used as an alloy with copper to make brass. 45% of the annual zinc production is used in 
construction, 25% in the transport sector, a further 23% in the consumer and electrical goods 
sector. Unlike copper and lead, the relationship between LME zinc stocks and price move-
ments is not very clear-cut. 
As with aluminium, copper and lead, the value of the annual nickel demand has increased 
dramatically in the last years resulting in an enormous price jump. The most important field of 
usage of nickel is the manufacturing of stainless steel (66%). High nickel prices caused the 
new demand trend for steel with a low proportion of nickel. 
2.5  Agriculture 
Various primary agricultural products belong to the group Agriculture which is subdivided 
into Grains and Soft Commodities (or short: Softs). Cacao, cotton, coffee, orange (juice), 
sugar belong to the group of Soft Commodities while corn, soybeans as well as wheat are in-
cluded in the Grains group.  
The  most  important  exchanges  for  agricultural  products  are  the  Chicago  Board  of  Trade 
(CBOT), the Kansas City Board of Trade (KCBT) and the New York Board of Trade (NY-
BOT). 
In times of increasing energy prices, alternative fuels starts to play an important role. Agricul-
tural products like corn, soybeans, sugar, and wheat are considered to be suitable constituents 
for the production of bio fuel. Wheat is expected to become the main feedstock for ethanol 
making in Europe, corn in the USA and sugar cane in Brazil. Such new evolutions of the us-
age of agricultural products have an effect on their price development and on the correlative 
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Missouri, said: "The whole agricultural industry is starting to become aware of what ethanol 
plant construction means to the future. It gives us an outlook of even higher corn prices for as 
far as we can see". 
2.6  Livestock 
The category Livestock is comprised of live cattle, feeder cattle, and lean hogs. The livestock 
futures are traded on the Chicago Mercantile Exchange (CME). The CME offers a range of 
futures and options on livestock, e.g. CME Feeder Cattle Futures and Options (young cattle), 
CME Live Cattle Futures and Options (market ready animals), CME Lean Hog Futures and 
Options, CME Frozen Pork Belly Futures and Options (the first futures on frozen meat prod-
ucts, launched in 1961). The CME Feeder Cattle and CME Lean Hog contracts are settled in 
cash and not physically deliverable, while the CME Live Cattle and CME Pork Bellies are 
physically deliverable. 
The US livestock industry is currently estimated at USD 60bn annually for cattle and hogs, 
and is very risky. Extremes in weather can greatly affect the cost of feed, rates at which ani-
mals gain weight, and how many animals survive to bring to market. Prices vary depending 
on the amount of inventory in cold storage and the seasonal demand. Even during periods of 
record-breaking prices, all sorts of other events can take place to increase or decrease supply 
and demand for livestock. For example, livestock diseases such as BSE affect the livestock 
prices as they have direct consequences on export perspectives. Also, shifting public tastes for 
consuming beef and pork is a driving factor of the livestock prices.
１５ 
2.7  Other Commodities 
This group includes unique opportunities with direct links to natural resources which exist 
outside global commodity exchanges only, with a limited access for investors because they 
are usually not available via futures markets. The examples are water and timberland. 
Water is the world’s most precious commodity and can not be substituted by any other natu-
ral resource. The complexities related to the sourcing and distribution of water offer a myriad 
of business and investment opportunities. However, there is no water futures contract to con-
sider. Few existing mutual funds represent a way to access a direct investment in companies 
in the water sector.  
In the last years mainstream investors such as pension funds, insurance companies and uni-
versity endowments spotted timberland as an interesting asset class with high returns and 
low risk. For example, Harvard University allocates 10% of its nearly USD 26bn endowment 
to timber. Although Harvard recently sold most of its US forest holdings to another financial 
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investor, the university is looking for new land to buy. Yale also invests in forests, as various 
pension funds, insurance companies and charitable trusts also do. 
Unlike other hard asset classes, timberland is unique because the owner of the timber has the 
option to defer cutting the timber. For individual investors, direct investing in timberland is 
difficult. There are a number of timber-only companies publicly traded, but that is different 
from the direct ownership share in those companies. The public equity will be more volatile 
than the private partnerships. 
Lumber is a more easily investable wood product.
１６ Lumber futures are traded on the CME, 
and are constituent of Rogers International Commodity Index with weighting of 1%. With the 
launch of the lumber future contracts in 1969, CME became the first exchange to offer price 
protection to the forest products industry. Companies engaged in producing, processing, mar-
keting or using lumber and lumber products have been able to hedge their risk exposure and 
reduce the risk of holding or acquiring inventory through taking an equal and opposite posi-
tion in CME lumber futures. Individual investors can trade lumber, too.  
Lumber, or timber, like any other commodity, experiences price fluctuation according to the 
laws of supply and demand. Lumber prices are however unpredictable and volatile. Supply 
can be constrained due to mill closings, environmental policies and other factors. Demand 
also tends to shift rapidly, based on interest rates and other economic conditions that affect 
housing starts. As a result, lumber prices react to supply and demand imbalances with fre-
quent and often extreme changes. 
Highly volatile prices can mean an opportunity for large profits. But in an industry like the 
lumber industry, valued at USD 30bn for the North American market alone, where costs are 
high and margins are tight, volatile prices can also mean the risk of loss. 
The lumber price is positively correlated with mortgage rates and housing demand. Lumber 
prices have been falling for most of 2006 with rising mortgage rates and lower housing de-
mand. In the big picture, the forest industry has not been overly profitable and many tradi-
tional lumber companies have been selling their timber land and are moving towards con-
sumer products what will cause a supply shortage in the medium-term. 
3  Commodities as an Asset Class 
The growing use of commodities in institutional portfolios has raised the question whether 
commodities should be considered as a separate asset class.  
An asset class is a specific category of assets or investments, such as stocks, bonds, interna-
tional securities, real estate, etc. Assets within the same class generally exhibit similar charac-
teristics, behave similarly in the marketplace, and are subject to the same laws and regula-
                                                 
１６ Lumber is wood that has been cut and surfaced for construction use. Timber is a size classification of lum-
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tions. This traditional definition of an asset class is based on the inherent attributes of the as-
sets. For example, an asset class should be composed of investment opportunities that have a 
common, identifiable underlying economic driver, have a common legal and regulatory struc-
ture, correlate highly with one another, have fairly stable risk and return characteristics, and 
can be captured by investable benchmarks.
１７
 
An asset class as a whole minimises the return as well as the volatility estimation error of in-
dividual investments by aggregating them and exploiting the resulting error diversification 
effect. The result is a representation of the asset class as a part of the investment opportunity 
set
１８ with stable return, risk, and correlation characteristics that can be used in asset alloca-
tion modelling. 
Therefore, commodities should satisfy a number of criteria in order to be accepted as an asset 
class. The criteria used to define an asset class are the following:
１９ 
1.  Homogeneity within the class: securities (like commodity futures) included in the 
class should be more conceptually similar to each other than to securities excluded 
from the class. High correlation with other assets within the class: returns of secu-
rities included in the class should be more highly correlated with each other than 
with returns of securities outside the class. 
2.  Sufficient Market Capitalisation: the asset class in aggregate should represent an 
important fraction of the investment opportunity set. 
3.  Availability of pricing and composition data. 
4.  Investability: it should be possible to invest in the asset class passively, at quoted 
prices. 
Considering and evaluating commodities against each of these criteria, the results are the fol-
lowing: 
1.  Commodities, or at least commodity groups, are homogeneous. All tradable 
commodities  are  subjected  to  the  standardisation  convention  to  be  flexibly 
tradable. 
2.  Although commodity groups show a relatively low correlation between each 
other (cf. Section 5.4), they show an even lower or rather negative correlation 
to other asset classes such as stocks and bonds commodities. 
3.  Approximately USD 88bn are invested in the commodity market. This satisfies 
the criterion of materiality and importance. 
                                                 
１７ Cf. Singer, B. D./Staub, R., Terhaar, K. (2002): pp. 4ff. 
１８ An investment opportunity set includes e.g. stocks, bonds, private equity, hedge funds, commodities, etc. 
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4.  Data concerning commodities prices, index compositions, price driving factors 
is available and sufficient. 
5.  It is possible to invest passively in futures on several existing commodity indi-
ces. 
Therefore, commodities can be treated as an asset class and involved in the asset allocation 
process. 
3.1  Benefits of Commodity Investments 
On the one hand, the low correlation to other asset classes nominates commodities as a portfo-
lio diversifier. Commodity investments are generally considered to be risky for most inves-
tors because of their extremely high volatility. But for fully collateralised well-diversified 
commodity-futures-based index investments this high risk characteristic does not apply, and 
thus such investments can be a potential investment interest for e.g. pension funds.
２０  
On the other hand, another important characteristic is that commodities are real assets, whose 
prices might be strongly influenced by the inflation rate. In opposite to nominal assets like 
stocks or bonds, real assets are fixed in supply and generate no income stream, but their ex-
change value is more stable because their price changes if the money price changes.
２１ While 
the interest paid on a bond compensates investors for the expected rate of inflation, the unan-
ticipated inflation damages the exchange value of nominal assets. But real assets like com-
modities might offer a natural hedge against such unexpected, unanticipated inflation.
２２ 
In 1997, Kaplan and Lummer updated the previous study of Lummer and Siegel from 1993 
which provided an empirical evidence that a collateralised position in GSCI futures is both a 
good diversifier for stocks and bonds, and an effective hedge against inflation. Kaplan and 
Lummer found out that a reversal in the signs of five-year monthly correlations between the 
returns on GSCI collateralised futures and the returns on stocks, bonds, and inflation took 
place.  They  concluded  that  while  GSCI  collateralised  futures  provide  diversification  for 
stocks and bonds in the long run and also serve as a hedge against inflation, they do not al-
ways do so over short periods of time.
２３ In 2006, Erb and Harvey argued that this might not 
be contributed to the excess return but rather be linked to other factors in a total return envi-
ronment.
２４ 
                                                 
２０ Cf. Ankrim, E./Hensel, C. (1993): p. 22  
２１ Cf. Greer, R. J. (2005): p. 24 
２２ Cf. Ankrim, E./Hensel, C. (1993):  (1993): p. 20; Kavalis, N. (2006): pp. 3ff.; Greer, R.J. (1994): p. 28; Cf. 
Gorton, G./ Rouwenhoorst , K.G. (2004): pp. 18f. As a general rule, commodities are priced in US dollar, 
therefore all studies analyse the relationship between the US dollar and commodity prices. 
２３ Cf. Lummer, S.L./Siegel, L.B. (1993): pp. 75ff.; Kaplan, P.D./ Lummer, S.L. (1997): pp. 11ff.; Cf. Gorton, 
G./Rouwenhoorst , K.G. (2004): p. 15 
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3.2  Commodity-Related Investments 
Although the term “commodities” includes an extraordinarily wide range of goods, the uni-
verse of investable commodities is restricted to a small sub-set of commodities. The range of 
investment methods and investment products available for a given commodity reflects the 
nature of the commodity itself as well as established patterns of supply and demand. The type 
of access to different commodities is also determined by market size for each single commod-
ity.
２５ 
Such an access for investors can be divided into three types: direct ownership of the commod-
ity itself, investment in producing companies, and investments in commodity futures, options, 
other derivatives and structured products. 
3.2.1  Direct Investments in Physical Commodities 
Very  few  commodities  lend  themselves  to  direct  ownership  or  investment  directly  in  the 
commodity itself, as the possibility of doing this depends on the feasibility of the commodity 
storing. This is generally applicable to the precious metals but it does not mean the investor is 
required to receive a physical delivery of the metal. A range of sophisticated alternatives ex-
ists: metal accounts, exchange traded funds, collective investment vehicles and so on. How-
ever, transaction costs are excessively high.
２６ For some commodities like coal, uranium, etc. 
there is no possibility to invest in them physically. 
3.2.2  Direct Investments in Commodity-Related Companies 
Investing directly in companies in the area of exploration and production of commodities (e.g. 
equity or debt ownership) provides an alternative method to access price movements in the 
underlying product, although this is not a “pure play” for the following reasons:
２７ 
• many companies in the natural resources sector are diversified, so the investor is 
unlikely to get exposure to a specific single commodity, 
• the performance of a single company is directly linked to the market price of com-
modities, but also to many other factors which influence earnings of that company 
such as interest rates, wage rates and exploration costs, 
• corporate activity may impact share prices more than the value of the underlying as-
set (in this case commodity). 
Thus, it is questionable in how far the investor participates on the development of commodity 
prices because the financial success of every single company is influenced by a number of 
                                                 
２５ Cf. Pulvermacher, K. (2005a): pp. 6f. 
２６ Cf. Pulvermacher, K. (2005a): p. 6 
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other varying factors. Consequently, earnings are more related to the state of the economy and 
the management decisions than the commodity price. 
An evidence that such indirect commodity investment, through debt and equity instruments in 
commodity-linked firms, does not provide direct exposure to commodity price changes, was 
provided by Schneeweis and Spurgin (1997) with the example of energy companies.
２８  
It is also well known that many commodity-based firms hedge their exposure to commodity 
price fluctuations. To the degree that firms hedge a major portion of the commodity risk, even 
commodity-based firms may not be exposed to the risk of commodity price movement. As a 
result, investment in  commodity-linked equities does not  replicate the  unique price-return 
behaviour of direct commodity investment. In a paper of the Center for International Securi-
ties  and  Derivatives  Markets  (CISDM),  the  relationship  between  the  return  properties  of 
commodity-linked  equities  (Standard  &  Poor’s  Energy,  Industrial  Metals,  and  Agriculture 
indices)  and  the  corresponding  Goldman  Sachs  Commodity  Index  and  Dow  Jones-AIG 
Commodity Index was analysed. The result of the study was the insight that direct investment 
in commodities often provided a positive return when commodity-linked stocks lost money.
 
２９ 
Exhibit 1 shows the strength of the relationship between monthly changes in the share prices 
of commodity-related companies (represented by Morgan Stanley index) and the actual com-
modities prices. It is clear that the relationship between commodity-related companies and the 
overall equity market (represented by Standard & Poor’s 500 index) is far stronger than the 
relationship between commodity-related companies and actual commodity prices. Also shown 
is the correlation between oil prices and the broader US market as well as commodity-related 
companies.  
The correlation between commodity-related companies and the rest of the equity market is 
consistently higher than with the underlying commodities themselves. Consequently, having 
exposure to commodity companies is not the same as having direct commodity investments. 
Commodity-related stocks are a weak substitute for their underlying commodity. 
                                                 
２８ Cf. Schneeweis, T./ Spurgin, R. (1997): pp.  3ff. 
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Exhibit 1: Rolling Correlations of the Commodity and Commodity-Related Equity Indices 








Source: Bloomberg (data) 
The chart below (Exhibit 2) shows an opposite picture for the special case of precious metals 
exhibiting the correlation between monthly changes in the share prices of gold mining com-
panies and actual gold spot prices. Also, the correlation between share prices of the gold sec-
tor and the broader US equity market is shown. It is clear that the relationship between gold 
mining companies and the actual gold prices with approximately 80% is far stronger than the 
relationship between gold mining companies and the overall equity market.  
Exhibit 2: Rolling Correlations of the Gold Mines Indices, S&P 500 and Gold Spot Price 
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Consequently, having exposure in gold mining companies is nearly the same as having gold 
investments.  
3.2.3  Investment in commodity futures 
Commodity futures are exchange-traded standardized contracts that oblige the buyer, to buy 
a definite quantity of a specific commodity at a future delivery date to a price fixed in ad-
vance. The future buyer assumes that the price of the commodity increases at due date. The 
contracts are usually settled in cash, without delivery of physical commodity. All over the 
world, there are more than 70 exchanges where commodity futures are traded, although many 
of these are limited in terms of the volume of trades and the range of commodities covered. 
The advantage of such commodity investment is the possibility to bet on rising (long position) 
as well as falling (short position) commodity prices depending on the investor’s market ex-
pectation. The disadvantage is the high risk because of the high short-term volatility of the 
commodity prices. 
To note that accessing commodities via the futures market (e.g. in index form) is very differ-
ent  from  investing  in  corporate  securities.  The  economic  function  of  corporate  securities 
(stocks and bonds) is to raise external resources for the firm. Historically, equity or debt own-
ership of firms specializing in direct commodity market production was the principal means 
of obtaining claims on commodity investment. These claims represent the discounted value of 
cash flows over very long periods of time. Their value depends on decisions of the manage-
ment and the expected discount rate. Therefore, investors are bearing the risk that the future 
cash flow of the firm may be low and are compensated for these risks with a premium over 
the expected risk-free yield. Commodity futures do not raise resources for firms to invest. 
They rather allow firms to obtain an insurance for the future value of their outputs or inputs. 
Investors in commodity futures receive compensation for bearing the risk of short-term com-
modity price fluctuations. 
Furthermore, commodity futures are short maturity claims on real assets, and not claims on 
long-lived corporations. And unlike financial assets, many commodities show seasonality in 
price levels and volatilities.
３０ 
To  be  summarised,  direct  commodity  investment  or  commodity  futures  are  definitely  the 
principal means by which the investor can obtain exposure to commodity price movements 
whereas investment in commodity futures possesses a substantial advantage of low transac-
tion costs. 
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4  Investments in Commodity Futures Indices 
4.1  Comparative Analysis and Choice of Future-Based Index 
Recent academic research has highlighted the advantages of investing in diversified baskets of 
commodity futures, which may provide investors with exposure to the benefits of commodity 
investment without the inconvenience of taking delivery of the underlying physical prod-
ucts.
３１ To analyse a passive investment strategy, we will focus on investable indices.  
A commodity index measures the returns of a passive investment strategy which has the fol-
lowing characteristics:
３２ 
(1) it allows only long positions in commodity futures, 
(2) it uses commodity futures only, 
(3) the futures positions are fully collateralised, 
(4) it allocates passively among a variety of commodity futures without any active ap-
praisal and selection of individual commodities. 
A commodity index should fairly represent the importance of a diversified group of commodi-
ties in a form of a commodity basket to the world economy. Exchange-traded commodity 
markets are evolving rapidly. Today's largest commodity futures sector, the energy market, 
exists for only twenty years. Natural gas futures trading began in 1990. This evolution creates 
a potential obstacle for the creation of a stable commodity benchmark. Unlike, for example, 
broad-based equity indices, which often include hundreds or thousands of component stocks, 
the available universe of commodity futures is more limited. For some indices a fundamental 
change in their structure and rules of single commodities inclusion took place over time.
３３ 
However, the predictability of future index behaviour decreases if the composition of an index 
changes materially from year to year. 
At the same time, a commodity index must evolve to accommodate changes in the markets 
over time through regular re-weighting and rebalancing which should help the index to re-
spond smoothly to futures market developments. 
One of the most attractive aspects of commodity investment today is that there are a number 
of passive commodity-futures-based indices that are fully investable. In addition to providing 
a simple method of accessing the commodity returns, commodity indices have a number of 
other uses. They are a source of information on cash commodity and futures commodity mar-
ket trends. They are used as performance benchmarks for the evaluation of commodity trading 
                                                 
３１ Cf. Moncur, G (2005): p. 1 
３２ Cf. Greer, R.J. (2005): p. 25 
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advisors (CTA), and provide a historical track record useful in developing asset allocation 
strategies. Commodity indices attempt to replicate the return available by holding long posi-
tions in commodities as a whole, or separately as long positions in agricultural, metal, energy, 
or livestock investment.
３４ 
There  are  a  number  of  various  commodity  indices.  In  this  comparative  analysis  only  six 
commodity  indices  are  included:  Reuters/Jefferies  Commodity  Research  Bureau  Index 
(RJ/CRB), Goldman Sachs Commodity Index (GSCI), Dow Jones AIG Commodity Index 
(DJAIGCI), Rogers’ International Commodity Index (RICI), Deutsche Bank Commodity In-
dex (DBCI), and Standard & Poor’s Commodity Index (SPCI). These indices provide returns 
comparable to passive long positions in listed commodity futures contracts. 
In Exhibit 3 a detailed comparison of all introduced indices is shown. The statistics show that 
GSCI and Dow Jones AIG became the dominant commodity benchmarks for investors, and 
thus of practical importance within a passive investment strategy. Both of them are fully in-
vestable, and most passive investment products (structured products, derivatives, funds) are 
based  on  these  two  indices.  According  to  the  Tiberius  Asset  Management,  an  estimated 
USD 55bn are invested in or benchmarked to the GSCI as of March 2005. The DJ-AIG-based 
investments account for USD 23bn.
３５ 







Source: own summary 
Summarising the pros and cons of the indices, the advantage of a very long data history of the 
RJ/CRB index can be noted. However, because of numerous revisions in the weighting sys-
tem the picture of the commodity market, as presented by the index, is distorted. A further 
disadvantage is the fact that the RJ-CRB is only calculated as a total return index which 
makes it impossible to analyse three single return components. 
                                                 
３４ Cf. CISDM (2005): p. 12 
３５ Cf. Mezger, M./Eibl, C. (2006): pp. 20 
Emittent Goldman Sachs Dow Jones AIG
Commodity Research 
Bureau Standard & Poor's Deutsche Bank Roger International
Index GSCI DJAIG RJ/CRB SPCI DBLCI RICI
Year of market introduction 1991 1998 1957 Aug-01 Feb-03 1998
Retrograde calculation till 01/01/1970 01/01/1991 28/09/1956 04/11/1927 29/01/1988 31/07/1998
Index futures traded on the ... CME CBOT NYBOT not investable investable (e.g. ETFs) investable
Number of single commodities 24 19 17 17 6 35
Objective weightings yes yes yes yes no no
Maximum weightings no yes yes yes no no
Reweighting intervals annual annual 10 times in 34 years annually annualy annual
Reweighting criteria for single 
commodities
worldwide production 
average (USD value) 




four-tiered approach with 
fixed weightings
constant dollar value of 
commercial open interest 
in futures markets contract liquidity contract liquidity
Rebalancing Intervals annually annually monthly real-time monthly/annually monthly
Gold included? yes yes yes no yes yes
Gold weighting 1.86% 6.22% 6% - 10% 3%
Commodity with the highest weighting Crude Oil Crude Oil Crude Oil Natural Gas Crude Oil Crude Oil
Weighting of this commodity 45.99% 12.78% 23% 17.65% 35% 35%
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The advantage of the GSCI is its relatively long data history. A disadvantage of the main 
GSCI index is its low exposure to the price development in the precious metals sector (only 
2,13% as of January 2006). It is advisable to use a precious metal index as an additional 
benchmark in order to cover this sector. Some authors have pointed out the energy bias of the 
index as a disadvantage, but this high energy proportion clearly mirrors the importance of the 
energy sector in the economy. 
Concerning  the  DJ-AIG  Commodity  index,  it  can  be  noted  that  this  index  is  reasonably 
weighted across all commodity sectors and provides a sufficient data history. 
The slight difference between the GSCI and DJ-AIGCI should however be remarked upon. 
The GSCI and DJ-AIGCI production data, although a useful measure of economic impor-
tance, may underestimate the economic significance of storable commodities (e.g. gold) at the 
expense of relatively non-storable commodities (e.g. live cattle). Production data alone also 
may underestimate the investment value that financial market participants place on certain 
commodities. Gold clearly illustrates the potential shortcomings of exclusive reliance on pro-
duction data (like in the GSCI) and the greater balance provided by reliance on liquidity data 
(like in the DJ-AIGCI).  
It is very important to note the change in the relative weights. For example for an original 
GSCI, only four contracts existed (cattle, corn, soybeans, wheat) with a 50% weight in cattle 
up until 1970. The index is changing over time. As the investor can not influence the re-
weighting of the components, we assume the affects will continue in the future. These weights 
have now dramatically changed as can be seen in Exhibit 4, summarising the weighting struc-
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Source: own summary 
 









Energy 33.00% 75.48% 44.00% 39.00%
Crude Oil 12.78% 45.99% 35.00% 23.00%
Heating Oil 3.85% 8.26% 3.00% 5.00%
Natural Gas 12.32% 8.34% 3.00% 6.00%
Unleaded Gas 4.05% 8.45% 3.00% 5.00%
Gasöl (IPE) 4.44%
Industrial Metals 18.09% 8.89% 14.00% 13.00%
Aluminum 6.85% 3.16% 4.00% 6.00%
Copper 5.88% 3.62% 4.00% 6.00%
Lead 0.28% 2.00%
Nickel 2.66% 0.77% 1.00% 1.00%
Tin 1.00%
Zinc 2.70% 1.06% 2.00%
Precious Metals 8.22% 2.13% 7.10% 7.00%
Gold 6.22% 1.86% 3.00% 6.00%
Silver 2.00% 0.27% 2.00% 1.00%
Platinum 1.80%
Palladium 0.30%




Coffee 2.93% 0.64% 2.00% 5.00%
Cocoa 0.15% 1.00% 5.00%
Corn 5.87% 2.10% 4.75% 6.00%
Cotton 3.16% 0.77% 4.00% 5.00%
Oats 0.50%




Soybean Oil 2.77% 2.00%
Soybeans 7.77% 1.27% 3.75% 6.00%
Sugar 2.97% 1.84% 2.00% 5.00%
Wheat 4.77% 2.95% 7.00% 1.00%
Wool 0.25%
Livestock 10.45% 3.78% 3.00% 7.00%
Lean Hogs 4.35% 1.37% 1.00% 1.00%
Live Cattle 6.09% 1.85% 2.00% 6.00%
Feeder Cattle 0.56%
Other 0.00% 0.00% 1.00% 0.00%
Lumber 1.00%
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Taking the above mentioned substantial disadvantages of RJ-CRB and the pros and cons of 
the GSCI and DJ-AIGCI into consideration, only these two indices will be considered in the 
further analyses. 
It  should  be  noted  that  the  performance  histories  of  commodity-futures-based  indices  are 
longer than the trading histories of the indices. But making strategic asset allocation deci-
sions, many investors will use the complete history of returns, even if some of the history has 
been backfilled. For these commodity indices with subjective choices of weights, the investor 
needs to exercise caution. For instance, the GSCI has been traded since 1992, yet its perform-
ance history has been backfilled to 1969. From 1969 to 1991, the GSCI had a compound an-
nual return of 15.3%, beating the 11.6% return for the S&P 500. From 1991 to May 2004 
however, the compound annualised return of the GSCI was 7.0% and the S&P 500 had a re-
turn of 10.4%. The allegation cannot be completely refuted that the GSCI weights were de-
termined to convince investors that the commodity-futures-based index was able to outper-
form stocks.
３６ 
The historical performance of the DJ AIG index potentially suffers from a similar construc-
tion bias as it has been traded since 1998 and its history goes back to 1991. From the incep-
tion of the performance history of the DJ AIG Commodity Index to its first trade date in July 
of 1998, the DJ AIG index had a compound annualised return of 4.1% while the GSCI only 
had a return of 0.5%. Theoretically, it can be assumed that the DJ AIG index was created with 
an emphasis on demonstrating hypothetical historical outperformance relative to the GSCI 
and to respond to some investors’ concerns about the high weighting of energy.
 ３７ 
Depending on the preferences of a portfolio manager with regard to an emphasis on special 
commodity sectors (e.g. energy, industrial metals or agriculture) an appropriate index can also 
be chosen. The point to be considered is that an index as a benchmark for a commodity asset 
class should be liquid and broadly diversified across commodities. 
4.2  Backwardation and Contango 
For some commodities it has been observed that their future prices are always or the most 
time below spot prices. This phenomenon in the shape of the term structure curve
３８ is called 
backwardation. In case of strong backwardation future prices are below spot prices. Weak 
backwardation occurs if discounted future prices are below spot prices. 
                                                 
３６ Cf. Erb, C.B./ Harvey, C.R. (2005): p. 6 
３７ Cf. Erb, C.B./ Harvey, C.R.(2005): p. 6 
３８ The term structure is defined as a relationship between the spot price and the future prices at any delivery 
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Litzenberger and Rabinowitz explained this phenomenon with the existence of “real options 
under uncertainty” depicting in their analysis that commodity production occurs only if dis-
counted futures are below spot prices.
３９ 
Therefore, the backwardation is often explained by an expected better supply situation in the 
future, and that the supply-demand mechanism regulates and reduces prices. But according to 
Keynes, a discount on the spot price is a risk premium to a commodity futures investor for 
bearing the volatile commodity price risk. The investor provides a commodity price insur-
ance to a commodity holder against an insurance premium payment.
４０ 
Exhibit 5 illustrates a set of futures curves for oil which are in backwardation. 









Historically, crude oil futures have been about 66% of the time in backwardation.
４１  
When spot prices are below future prices, such a situation is called contango (cf. Exhibit 6). 
The existence of contango can be explained in terms of interest and commodity storage costs 
till the future maturity date.
４２ 
                                                 
３９ Cf. Litzenberger, R./Rabinowitz, N. (1995): pp. 1517ff. 
４０ Cf. Keynes, J.M. (1934): pp. 130ff. 
４１ Cf. Erb, C.B./Harvey, C.R. (2006): p. 78 
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Historically, gold as well as silver have always been in contango.
４３ Since 2002, platinum 
has been in backwardation around 60% of the time. A downwards sloping term structure 
curve for base metals occurred only in 30% of the cases in the past 20 years, but Moncur and 
Kettle found out that since 2002 the term curves for industrial metals were generally in back-
wardation.
４４ It is of note that the GSCI is majority-weighted in commodity futures contracts 
that are typically in backwardation. 
Besides the Keynes’ insurance perspective, three other explanatory theoretical frameworks for 
backwardation and contango have been proposed: the hedging pressure hypothesis, the theory 
of storage, and the “weather-fear-premium-concept” which will be described in the following 
sections. 
4.2.1  Insurance Perspective in the Theory of Normal Backwardation 
In 1934, Keynes introduced his theory of "normal backwardation". His insight was that com-
modity futures allow companies operating in the commodity sector to hedge their commodity 
price exposures, and because hedging is a form of insurance, hedgers must offer investors in 
long only commodity futures an insurance premium. If this risk premium is large enough, 
returns of commodity futures could be similar to those of equities. In Keynes' theory of nor-
mal backwardation, the futures price for a commodity should be less than the expected spot 
price in the future. If today's futures price is below the spot price in the future, then, as the 
futures price converges toward the spot price at maturity, roll returns should be positive.
４５ 
                                                 
４３ Cf. Erb, C.B./Harvey, C.R. (2006): p. 78 
４４ Cf. Moncur, G./Kettle, P. (2005): pp. 2ff. 
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However, this theory has a disadvantage. Because the expected future spot price is impossible 
to predict, normal backwardation is not observable ex-ante. Normal backwardation is primar-
ily a belief that long-only investors in commodity futures should receive a positive excess rate 
of return in form of an insurance premium.
 Therefore, historical evidence of positive roll re-
turns for individual commodity futures could be a good indicator of the existence of normal 
backwardation. In order to test for the presence of normal backwardation risk premiums in 
individual commodity futures, Kolb (1992) examined 29 futures contracts and concluded that 
"normal backwardation is not normal" 
４６ Specifically, he noted that 9 commodities exhibited 
statistically significant positive returns, 4 had statistically significant negative returns, and the 
remaining 16 returns were not statistically significant. His work showed, however, that some 
commodity futures have positive returns and some commodity futures have negative returns. 
Because normal backwardation suggests that all commodity futures should have positive re-
turns, Kolb's work indicates the challenge in proving the existence of normal backwardation.
 
Another disadvantage of the Keynes’ theory is the fact that when physical stocks are invoked 
to explain the relationship between spot and futures prices, interpreting backwardation be-
comes difficult. 
4.2.2  Hedging Pressure Hypothesis 
This hypothesis is an attempt to explain the lack of consistent empirical support for the theory 
of normal backwardation. According to the Keynes' theory of normal backwardation hedgers, 
having a long position in the underlying commodity, seek to mitigate the impact of commod-
ity price fluctuations by selling commodity futures short. As a result, the futures price is ex-
pected to rise over time, which provides an inducement for investors to go long commodity 
futures.  Both  backwardated  commodities,  where  the  spot  price  is  greater  than  the  futures 
price, and commodities in contango, where the spot price is less than the futures price, may 
have risk premiums if backwardation holds when hedgers are net short futures and contango 
holds when hedgers are net long futures. That corresponds with the fact that commodity pro-
ducers are often forced to hedge the inventories, but the investors need a return in order to be 
persuaded to enter these markets and take risk.
４７  
A persistent return results from taking a position on the other side of commercial hedge 
pressure.
４８ The side of the commercial hedge pressures varies over time, so that in the 
grains markets there have historically been seasonal periods when commercial hedging tends 
to be long rather than short.
 ４９ 
It could be distinguished between markets that provide a hedge for producers (markets in 
backwardation) and markets that provide a hedge for consumers (markets in contango). A 
commodity producer such as Exxon, whose business has to be long oil, can reduce exposure 
to oil price fluctuations by being short crude oil futures. Hedging by risk-averse producers 
causes futures prices to be below the expected spot rate in the future. A manufacturer such as 
                                                 
４６ Cf. Kolb, R.W. (1992): pp. 75ff. 
４７ Cf. Greer, R.J. (2000): pp. 47f. 
４８ Cf. Carter, C.A./Rausser, G.C./Schmitz, A. (1983): p.324; Erb, C.B./Harvey, C.R. (2006): p. 77 
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Boeing is a consumer of aluminium, so it is short aluminium and can reduce the impact of 
aluminium price fluctuations by purchasing aluminium futures. Hedging by risk-averse con-
sumers causes futures prices to be higher than the expected spot rate in the future. In this ex-
ample, Exxon is willing to sell oil futures at an expected loss and Boeing is willing to pur-
chase aluminium futures at an expected loss. As a result, investors receive a risk premium, a 
positive roll return, for going long backwardated commodity futures and for going short con-
tangoed. This line of reasoning suggests that a portfolio that consists of long backwardated 
futures and short contangoed futures is an attractive way to allocate capital. Both normal 
backwardation and the hedging pressure hypothesis reflect a view that commodity futures are 
a means of risk transfer and that the providers of risk capital charge an insurance premium. 
The hedging pressure hypothesis is more flexible than the theory of normal backwardation 
because it does not presume that hedgers only go short futures contracts. However, without a 
reliable measure of hedging pressure, investors find this concept to be of limited practical 
value.
 ５０ 
4.2.3  Theory of Storage and Convenience Yield 
The Theory of Storage helps to explain why certain commodity futures contracts typically 
trade in backwardation and others do not. While energy markets are typically characterised by 
backwardated markets, this is often not the case for the precious and industrial metals’ mar-
kets. In normal market conditions, the forward price for industrial metals tends to rise as ma-
turity increases, i.e. the market is in contango. These differing term structures between the 
energy and metals markets can be explained by the Theory of Storage and the existence of 
convenience yield. 
The specific commodity futures contracts that normally trade in backwardation are futures on 
commodities with difficult storage situations. For these commodities, either storage is impos-
sible as for live cattle, prohibitively expensive as for copper, or producers decide that it is 
much cheaper to leave the commodity in the ground rather than to store it above ground as for 
gold (“real option”).
５１ 
The existence of storage can however act as a dampener on price volatility because it provides 
an additional lever in order to balance supply and demand. If the commodity’s supply exceeds 
its demand, it can be stored, and vice versa. If too little of a commodity is produced, the 
stocks can be used. Price does not need to be adjusted in order to limit demand. In contrast, 
for commodities with difficult storage situations prices have to balance supply and demand, 
leading to very volatile spot prices. A defining feature of such commodities is the long lead-
time between the production decision and the actual production of the commodity. It is im-
possible to exactly foresee what the demand will be by the time the commodity is produced. 
This is why supply and demand will frequently be out of balance, leading to a large amount of 
price volatility for these commodities.
 ５２ 
                                                 
５０ Erb, C.B./Harvey, C.R. (2006): pp. 77f. 
５１ Cf. Till, H./Eagleeye, J. (2003): pp. 9ff. 
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Various authors confirmed that backwardation is natural for crude oil, gasoline, live cattle, 
live hogs, soybean meal, and copper. All these are commodities with “difficult storage situa-
tions.
５３ Of note again is that the GSCI is heavily weighted in commodities that have difficult 
storage situations. 
The Theory of Storage focuses on the role that inventories of commodities play in the deter-
mination  of  commodity  futures  prices.  In  this  framework,  inventories  allow  producers  to 
avoid stock-outs, production disruptions and the costs of frequent supply orders. With suffi-
cient inventories there is a small likelihood that a production disruption will affect prices, and 
vice versa. As a result, having a level of inventories that will reduce the impact of production 
disruptions is beneficial. This benefit is called convenience yield which conceptually links 
desired inventories with commodity futures prices. The convenience yield is high when de-
sired inventories are low and is low when desired inventories are high.
 ５４ 
In the Theory of Storage, the price of a commodity futures contract is driven by storage costs, 
the interest cost, and the convenience yield: 
Future Price = Spot Price + Interest Cost – (Convenience Yield –Storage Cost). 
The Theory of Storage splits the difference between the futures price and the spot price into 
the forgone interest from purchasing and storing the commodity, storage costs and the con-
venience yield on the inventory. Convenience yield reflects an embedded consumption timing 
option in holding a storable commodity. If, for instance, inventories are plentiful and both 
storage costs and the convenience yield are zero, the difference between the spot price of a 
commodity and the futures price will be the interest cost until the maturity of the contract.
５５ 
As the difference between spot and future price is the roll return, the convenience yield can 
also presented as follows: 
Convenience Yield = Roll Return + Storage Cost + Interest Cost. 
By observing, or estimating a high convenience yield, one can infer that desired inventories 
are low as in tightening market conditions consumers attach a greater benefit to the physical 
ownership of a commodity. The best example for that is oil. As a result, the convenience yield 
can be thought of as a risk premium linked to inventory levels that helps explain observed 
futures prices. The convenience yield suggests that inventories may be low for difficult-to-
store commodities; as a result, those commodities may have high convenience yields, and vice 
versa.
５６ 
Furthermore, there is a positive relationship between the convenience yield and the consump-
tion of stock per day across a number of commodity markets highlighted in Exhibit 7. 
                                                 
５３ Cf. Kolb, R.W. (1996): pp.75ff.; Erb, C.B./Harvey, C.R. (2006): pp. 78 
５４ Cf. Lautier, D. (2005): p.44; Erb, C.B./Harvey, C.R. (2006): p. 78 
５５ Cf. Erb, C.B./Harvey, C.R. (2006): p. 78 
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Source: Lewis, M. (2005): p. 21 
Hence, the fact that the larger the amount of daily consumption of a particular commodity 
compared to available inventories the greater the convenience yield. The convenience yield 
varies over time when there is an increase in stocks above or below the ‘required level”. The 
convenience yield is likely to rise very sharply when there is a reduction of stocks below the 
requirements. Such sudden changes in inventory levels due to supply or demand shocks ex-
plain why certain commodity markets move from contango to backwardation in a very short 
space of time. 
Rearranging the formula above, an equation for the roll return is derived: 
Roll Return = Convenience Yield - Storage Cost - Interest Cost. 
Consequently, if the convenience yield exceeds the interest rate and storage costs, it implies a 
positive roll yield or a backwardated market (cf. Exhibit 8). The other way around, when the 
convenience yield is low and overwhelmed by interest rate and storage costs, the roll yield 
will be negative. A negative roll yield indicates that the spot price is lower than the futures 
price and is a typical feature of the precious and some industrial metals market. 
Exhibit 8: Commodity Curves & Convenience Yields 






Source: Lewis, M. (2005): p.22 
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In 1987-1988, Fama and French performed tests of the Theory of Storage and presented em-
pirical evidence that in periods of increasing volatility and risk, convenience yields increase 
for a wide variety of metals prices, e.g. aluminium, copper, nickel and lead (business cycle 
approach).
５７ This insight is also confirmed for other commodities by the recent study of the 
Deutsche Bank whose results are presented in Exhibit 9. 






   
Source: Lewis, M. (2005): p.22 
As a result of the Theory of Storage and the concept of convenience yield it can be noted, that 
“scarcity” is a driving factor for the commodity futures prices which is indicated by the fu-
tures curve’s term structure.
５８ 
4.2.4  Weather-Fear-Premium 
Beside “scarcity”, there exists another source of systematic returns in the futures markets due 
to the so called “weather premium.” A futures price sometimes embeds a “fear premium” due 
to upcoming, meaningful but uncertain weather events that can have a dramatical impact on 
the supply or demand of a commodity.
 That is why the corn futures are often in contango.
５９ 
In this class of trades, a futures price is systematically too high, reflecting the uncertainty of 
an upcoming weather event so that based on an analysis of historical data they can make sta-
tistically significant profits by being short the commodity futures contract during the relevant 
time period.
６０ In 2000, Till provided examples of weather-fear premium in the grain, and 
natural gas futures markets.
６１ However, the continuous enhancement of weather forecasting 
techniques reduces such kind of futures returns. 
                                                 
５７ Cf. Fama, E.F./French, K.R. (1987): pp. 55ff.; Fama, E.F./French, K.R. (1998): pp. 1075ff. 
５８ Cf. Till, H./Eagleeye, J. (2003): p. 22 
５９ Cf. Till, H./Eagleeye, J. (2005): p. 47 
６０ Cf. Till, H. (2000a): p. 53; Till. H./Eagleeye, J. (2005): p. 47 
６１ Cf. Till, H. (2000b): pp. 75ff. 
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4.3  Return Sources of Commodity Futures-Based Indices 
Fully collateralised future-contracts-based commodity indices have therefore three separate 
sources of return: the spot return, the collateral return, and the roll return. 
Spot (or price) return derives from the change in the spot price of the commodity over time. 
Fluctuations in commodity prices as a consequence of economic forces provides a significant 
yield part of the direct commodity investment because the commodity cash prices benefit 
from periods of unexpected inflation, whereas stocks and bonds suffer. As a result, commodi-
ties provide a positive return while other asset classes decrease in value. This premise was 
successfully tested in a study of the Center for International Securities and Derivatives Mar-
kets (CISDM) in 2005 by calculating the correlation of spot commodity index returns (as well 
as stock, bond, hedge fund, and real estate returns) with a proxy for unexpected inflation in 
form of the monthly change in the rate of inflation.
６２ 
Collateral return assumes that the full value of the underlying futures contracts is invested at 
a risk-free interest rate, for example in Treasury bills.
 ６３ 
A kind of the unique return source of a commodity-futures-based index is so called roll yield. 
This kind of return derives from the phenomenon of backwardation. Unlike equities, which 
entitle the holder to a continuing stake in a corporation, commodity futures contracts specify 
an expiration and delivery date for the underlying physical commodity. In order to avoid de-
livery and maintain a long commodity futures position, expiring nearby contracts must be sold 
and next-to expire contracts that have not yet reached their delivery period must be purchased. 
This process is known as "rolling" a future’s position. All commodity indices are therefore 
called "rolling indices”.  
The roll return is the change in the price of the nearby futures contract and arises from the 
rolling long futures positions forward through time. In the futures market, a futures contract 
price converges to the spot price. Typically, the current spot price is the futures contract with 
the shortest time to maturity: the nearby futures contract. The relationship between futures 
prices and the maturity of futures contracts is illustrated by the term structure curve of fu-
tures prices. If the term structure of futures prices is upward sloping: the futures price is 
greater than the spot price (contango), an investor “rolls” from a lower priced expiring con-
tract into a higher priced next nearest futures contract. In a contango market, an investor con-
tinuously locks in losses from the futures contracts converging to a lower spot price.
６４ The 
roll return is then negative.  
If  the  term  structure  of  futures  prices  is  downward  sloping  (backwardation),  an  investor 
“rolls” from a higher priced expiring contract into a lower priced next nearest futures contract. 
When the futures market is backwardated, and hence the commodity futures contract price is 
less than the current spot price, and there is no change in the spot price over time, the futures 
                                                 
６２ Cf. CISDM (2005): p. 16 
６３ Cf. CISDM (2005): p. 12 
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investor realizes a positive roll yield equal to the difference in percentage between the spot 
and futures price. Roll yield captures a liquidity premium through an increased convenience 
yield in periods of high volatility of the underlying due to demand and supply shocks. A ma-
jor consequence of a declining term structure of forward prices for investment in commodity 
futures is the opportunity to capture a positive roll return as investment in expiring con-
tracts is moved to cheaper, new outstanding contracts.
６５ This suggests that the term structure 
of futures prices drives the roll return.
６６ Exhibit 10 illustrates the term structure of futures 
prices for crude oil and gold at the end of May 2004.  






    Source: Erb, C.B./Harvey, C.R. (2005): p. 14 
In Exhibit 11 all three return components of the Goldman Sachs and Dow Jones-AIG Com-
modity Indices are presented. 








    Source: own calculations  
                                                 
６５ Cf. CISDM (2005): p. 11; Litzenberger, R./Rabinowitz, N. (1995): pp. 1517ff. 























Annualised historical average return6.19% 4.28% 1.20% 11.67%
1970-1980
Annualised historical average return7.04% 9.00% 2.54% 18.58%
1981-1990
Annualised historical average return8.71% -2.42% 4.96% 11.25%
1991-2000
Annualised historical average return4.89% 1.25% -0.66% 5.48% 3.63% -1.65% 6.87%
1991-2006
Annualised historical average return3.95% 5.25% -2.19% 7.01% 7.44% -3.01% 8.38%
2001-2006
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It is of note that various commodities provide different spot and roll yields. So, the roll yield 
of the energy commodities is six times as high as the spot yield. The roll yield of most base 
and precious metals is negative.
６７ In Exhibit 12 all three yield components for the GSCI are 
presented graphically. 








    Source: own calculation 
In Exhibit 13 the development of return components over different decades is presented. 








    Source: own calculation 
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Accordingly, there are three indices-subsets for the presented main index: spot return index 
which includes spot returns, excess return index which includes spot and roll returns, and 
total return index which additionally includes collateral returns. 
 
5  Portfolio Selection Model in Consideration of Commodity-Related In-
vestments 
5.1  Idea and Assumptions of Markowitz’s Portfolio Selection Model 
The portfolio theory deals with the optimal allocation of a given sum of money to various 
investment alternatives. In the traditional portfolio theory only the expected return is the ob-
ject of quantitative considerations. In contrast to the traditional portfolio theory, the modern 
portfolio theory according to Markowitz also takes the risk into account in addition to the 
expected return of an investment.
６８ 
The  central  idea  of  the  modern  portfolio  theory  lies  in  the  two-dimensional  return-risk-
optimisation of a portfolio which means that the available amount of money is distributed on 
various investment alternatives in such a way that a given return with the lowest possible risk, 
or the highest return with a given risk will be reached.
６９ The Portfolio Selection Theory of 
Harry M. Markowitz includes two especially important aspects in the evaluation of the return 
chances of single investments: 
-  the risks connected with the return chances of the single investments and 
-  the correlation between the risks linked to single investments. 
As the price trend of different assets usually does not develop in completely the same direc-
tion and risks partly neutralize each other, a reduction of the total portfolio risk is possible 
through  a  diversification  by  various  investment  alternatives.
７０  Consequently,  the  invest-
ments with a comparatively small return outlook are able to contribute to the total portfolio 
success by being a component of a diversified portfolio.
７１ Therefore, the investment alterna-
tives are evaluated not in isolation but always as a component of a whole portfolio in combi-
nation with other investment alternatives.
７２ 
                                                 
６８ Cf. Markowitz, H.M. (1952): pp.77ff; Garz, H./Günther, S./Moriabadi, C. (1997): p.17; Hielscher, U. (1999): 
pp.52ff.; Steiner, M./Bruns, C. (2002): pp.7ff. 
６９ Cf. Hielscher, U. (1999): p.54; Rudolph, B. (1995): pp. 28f. 
７０ Cf. Hielscher, U. (1999): pp. 57f. 
７１ Cf. Garz, H./Günther, S./Moriabadi, C. (1997): p. 17 
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The result of the model application is the identification of a set of efficient portfolios which 
are presented by a so-called efficient frontier (or efficient line). The efficient portfolio is 
determined according to the parameters expected return µ for the yield and standard devia-
tion σ σ σ σ for the risk. The efficient line is therefore the geometrical place of all efficient return-
risk-combinations (cf. Exhibit 14).
７３  







     
Source: www.fiwi.uni-leipzig.de 
A portfolio is efficient if there is no other portfolio which has a higher return with the same 
risk or the same return with lower risk.
７４ 
Model Assumptions 
The Portfolio Selection Model is based on the µ/σ σ σ σ-Principle. The simple µ/σ σ σ σ-Principle indi-
cates that if a decision maker can give an opinion regarding at least subjective probabilities 
for his decision under uncertainty, then the expected value of the probability distribution can 
be  calculated,  and  it  is  possible  to  reach  a  decision  according  to  the  maximum  expected 
value.
７５ 
If the risk of an investment should be taken into consideration then the rule for decision-
making is: in the case of risk aversion of the investor, and if the investment alternatives are 
supposed to have the same expected return, the alternative with a lower standard deviation is 
more reasonable than the alternative with a higher standard deviation (µ/σ σ σ σ-principle).
７６ 
                                                 
７３ Cf. Rehkugler, H. (2002): p. 11 
７４ Cf. Kleeberg, J.M. (1996): p. 587; Elton, E. J./Gruber, M. J. (1995): p. 70; Steiner, M./Bruns, C. (2002): p. 9. 
７５ Cf. Perridon, L./Steiner, M. (2002): p. 107 
７６ Cf. Perridon, L./Steiner, M. (2002): p. 109; Breuer, W./Gürtler, M./Schuhmacher, F. (1999): pp. 40ff. 
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This µ/σ σ σ σ-principle assumes a normal distribution of returns. The advantage of this assump-
tion is the fact that such distribution can be characterised with only two parameters: expected 
return µ and variance σ σ σ σ
2 2 2 2, or rather standard deviation σ σ σ σ.
７７ 
The density function of the normal distribution is presented graphically by a Gaussian “bell-
shaped" curve. As shown in Exhibit 15, the normal distribution is characterised by the fact 
that the probability of the expected return value is the highest one. The further the deviation 
from the expected value, the lower the probability. 







    Source: own calculation 
Furthermore, the portfolio selection theory is based on the following basic assumptions.
  The 
approach  is  viewed  as  a  single-period  approach.  The  objective  of  the  investor  is  utility 
maximisation at the end of the single holding period. That means the result of the investment 
in various assets is examined at the end of the period and then the following period is planned. 
Within the portfolio theory it is assumed that a perfect and efficient market without transac-
tion costs and taxes exists. Therefore, only the two decision parameters return and risk are 
considered. The investment decision is two-dimensionally based on the expected return and 
expected risk of an investment alternative. 
The investor is risk averse what means that he expects the highest possible return for a given 
risk of an investment alternative, or he prefers the lowest possible risk for a given return of an 
alternative. 
For the capital market a perfect competition is assumed which means that the investor has no 
influence on the price and therefore on the probability distribution of returns. As a conclusion 
of the assumption list, all investment alternatives can be divided into fractions.
 ７８ 
                                                 
７７ Cf. Steiner, M/Bruns, C. (2002): p. 58; Kleeberg, J.M. (1995): p. 9; Neubauer, W. (1994): p. 350; Bohley, P. 
(1996): p. 396; Oehler, A./ Unser, M. (2002): p. 12 
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5.2  Other Asset Classes and Proxies Used for Modelling 
This section provides a basis for further considerations within an index-based passive invest-
ment strategy. Various indices for equities and bonds will be introduced and explained. 
There are three main purposes of an index: 
(1) an index is an indicator of prices that can be used by economists and investors; 
(2) an index is a benchmark to measure the performance of a particular asset; 
(3) an index is a trading instrument allowing investors to obtain exposure to a particular 
sector.
７９ 
In the context of this work the role of an index as a benchmark is considered to be the most 
important one because in a passive investment strategy it is of substantial importance to de-
termine which index should be used as a decision facilitator within various portfolio optimisa-
tion approaches. The purpose of an index as a trading instrument is also of practical impor-
tance because it implies a requirement of the index to be investabe. 
In addition to section 4.1 in the following sections a number of indices for various asset 
classes (equities and bonds) will be presented and their role as possible benchmarks will be 
explained. 
5.2.1  Equity Indices as a Benchmark 
The equity market in the US is represented by the performance index Standard & Poor’s 500 
(S&P 500).
８０ The S&P 500 Index is the most widely used benchmark for measuring the per-
formance of large-capitalisation US stocks. Covering almost all of the 500 largest companies 
ranked by market value, the S&P 500 constitutes about 83% of the market capitalisation of all 
widely  held  and  regularly  traded  stocks  on  the  New  York,  American,  and  NASDAQ  ex-
changes. The Standard & Poor’s 500 Performance index also includes reinvestment of all 
dividends, and is therefore a total return index. 
The Morgan Stanley Capital International (MSCI) World Index measures the performance 
of a diverse range of national global stock markets and reproduces the worldwide equity mar-
ket covering 24 developed economies, including the United States, Canada, Europe, Australia, 
New Zealand, and the Far East. 
                                                                                                                                                         
７８ Cf. Sharpe, W.F./Alexander, G.J./Bailey, J.V. (1995): pp. 167ff.; Auckenthaler, C. (1994): pp. 154f.; Perri-
don, L./Steiner, M. (2002): pp.2 65f.; Breuer, W./Gürtler, M./Schuhmacher, F. (1999): pp. 40ff.; Kaplan, P.D. 
(1998): p. 3f. 
７９ Cf. Moncur, G (2005): p. 1 
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The foundation of the various MSCI indices is a database consisting of approximately 1,500 
companies listed on the stock exchanges of the 24 countries for which MSCI national indices 
exist.
８１ 
The MSCI index is a capitalization-weighted index. Furthermore, companies included in the 
indices replicate the industry composition of each local market, and represent a sampling of 
large-, medium- and small-capitalization companies from each local market, taking into ac-
count the stocks' liquidity. The inception date of the MSCI Index is January 1
st, 1970. 
The index is calculated daily on a price-only basis, as well as with dividends reinvested, for 
total return results (gross and net).
８２ Net dividend reinvested indices reflect a subtraction for 
withholding taxes retained at the source for foreigner investors who do not benefit from a 
double taxation treaty. 
In the further analysis these two indices, S&P 500 for the US and MSCI World, are used for 
the international equity market.
８３  
5.2.2  Bond Indices as a Benchmark 
There is a variety of indices representing the development in the bond market. 
For the suitability as benchmark, a number of criteria are defined as follows:  
-  index composition (e.g. government bonds versus all investment grade bonds), 
-  region (global, USA or EU), 
-  rating categories, 
-  duration. 
The choice of a benchmark for a fixed income market should match the structure of the port-
folio.  
For the purpose of the portfolio optimisation only composite indices for high-rated bonds (AA 
or better) should be used in order to eliminate a possible impact of the credit risk component 
which is bond inherent additional to the market risk component.  
                                                 
８１ The MSCI World Index consists of the following countries: Australia, Austria, Belgium, Canada, Denmark, 
Finland, France, Germany, Greece, Hong Kong, Ireland, Italy, Japan, Malaysia, Netherlands, New Zealand, 
Norway, Portugal, Singapore, Spain, Sweden, Switzerland, United Kingdom, United States. 
８２ GD = total return index with gross dividends reinvested; ND = total return index with net dividends (after 
tax) reinvested 
８３ The version of the MSCI World Index in Local Currency is used in order to eliminate the effect of the vary-
ing currency exchange rate. The Bloomberg-Ticker for MSCI World in Local Currency is MSDLWI with the 
introduction date January 1
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The most widely used bond indices are calculated by Lehman Brothers, Citigroup and J.P. 
Morgan.  
For the further analysis in a passive investment approach, the Lehman Government Bond In-
dex will be used for the US bond market; for the international bond market the Citigroup 
World Government Bond Index is the chosen benchmark. As an alternative, the application of 
the J.P. Morgan Government Bond Index for both US and worldwide is possible. 
The Lehman Government Bond Index is composed of the Lehman Brothers Treasury Bond 
Index (all public obligations of the US Treasury, excluding flower bonds and foreign-targeted 
issues) and the Agency Bond Index (all publicly issued debt of the US government agencies, 
quasi-federal corporations, and corporate debt guaranteed by the US government). The incep-
tion date of the index is December 31
st, 1975. The index is calculated monthly, on a price-
only and total return basis.  
The Citigroup World Government Bond Index was constructed with the aim of choosing 
an  all-inclusive  universe  of  institutionally  traded  bonds.  The  index  includes  all  fixed-rate 
bonds with a remaining maturity of one year or longer and with amounts outstanding of at 
least the equivalent of USD 25m. Those government securities that are excluded from the 
indices typically fall into three categories: floating- or variable-rate bonds (including index-
linked  bonds);  securities  aimed  principally  at  non-institutional  investors  such  as  savings 
bonds in the United States and Canada; and private placement-type securities, for which li-
quidity may be poor and for which accurate information on outstanding debts, market coupon, 
and maturity structure may be difficult or impossible to obtain. The date of the index’s incep-
tion is December 31
st, 1984. The index is calculated in US dollar terms and in Local Currency 
terms.
８４ 
This index provides an accurate, replicable fixed income benchmark for market performance 
on a worldwide basis. The government sector dominates the market of internationally traded 
securities, accounting for nearly 70% of outstanding debts of governments, eurobonds, and 
foreign bonds denominated in the included currencies. The indices are designed to provide a 
comprehensive measure of the total return performance of the domestic government bond 
markets in each country and in the countries combined. 
The J.P. Morgan Government Bond Index measures the performance of leading govern-
ment bond markets based on total return in US currency. By including only traded issues, the 
index provides a realistic measure of market performance for international investors. The in-
ception date of the index is December 31
st, 1985.
８５ 
                                                 
８４ The Bloomberg-Ticker for the Citigroup World Government Bond Index in US dollar terms is SBWGU, in 
Local Currency terms is SBWGL. For the US bond market also Citigroup Treasury & Government Index 
(SBGOV) exists, but its date of inception is January 31
st 1980 (shorter history than Lehman Brothers index).  
８５ For the US bond market the J.P. Morgan Global Govt Bond Local Currency US Index with the inception date 
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All these indices focus only on fixed income instruments with a premium “quality” rated with 
AAA to AA+ which allows ignoring the credit risk implied in those instruments. 
The problem with all bond indices is their shorter data history compared to the existing equity 
and commodity indices: S&P500 is calculated since 1959, GSCI since 1970. 
In the following sections the practical approaches for the passive investment strategy will be 
explained and some empirical results will be presented. 
 
5.2.3  Including Commodities in the Portfolio Selection Model 
5.2.4  Statistical Basics 
The Markowitz-Model is based on an ex-ante-Perspective which means that for each invest-
ment the expected return (mean) and the standard deviation as dispersion measure around 
the mean should be estimated. In practice, it is however often impossible to determine the 
probabilities of the return distribution.
８６ Therefore, an assumption is made that the data of 
the past is valid for the future.
８７ 
The analysis of the data observed in the past results in an average return (mean) which at the 
same time represents the expected return. In order to determine the average return, first the 
continuous return has to be calculated as a logarithmic relative value change of each single 















r                  
with 
s
t i r ,   = continuous return of the investment i in the period t-1 till t, 
Ki,t  = price of the investment i at the time point t, 
Ki, t-1  = price of the investment i at the time point t-1. 
Formula 1: Continuous Return 
                                                                                                                                                         
gan Global Govt Bond Unhedged US exists since December 31st, 1985 (JPMGGLBL), in Local Currency since 
April 1st, 1998 (JPMGBRLC). 
８６ The probabilities are necessary for the estimation of the expected return. 
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From the annual continuous returns of single investments an average is calculated that repre-













= =  
with  i r   = expected return of the investment i,
８９ 
   n  = number of values in the random sample. 
Formula 2: Expected Return of a Single Investment 
The continuous return is applied because it rather corresponds to the normal distribution hy-
pothesis  than  the  discrete  return
９０  The  continuous  returns  are  more  likely  to  follow  the 
symmetrical distribution around the mean than the discrete returns. This fact is valid espe-
cially for longer observation periods.
９１ In opposition to the discrete return, the concept of 
the continuous return assumes that the changes of the underlying between two time points t 
and t-1 occur in infinitesimal intervals infinitely often.
９２ 
The expected return of the portfolio is determined as the weighted sum of the expected returns 






i i PF r x r
1
, 
with  rPF  = expected value of the portfolio return, 
xi  = weighting of the investment alternative i in the portfolio. 
Formula 3: Expected Return of a Portfolio 
As an estimation of the risk of an investment the variance σ σ σ σ
2 2 2 2 or rather the standard devia-
tion σ σ σ σ is used. The variance is the measure for the dispersion of investment returns around its 
expected value, and is calculated as the sum of quadratic deviation of the continuous returns 
from the expected value (mean) divided by the number of the observed values. 
                                                 
８８ Cf. Lange, K. (1996): p.3.; Breuer, W./Gürtler, M./Schuhmacher, F. (1999): p. 48 
８９ The expected return is described by either µ or E(r). 
９０ The discrete returns are calculated according the formula: 











９１ Cf. Steiner, M./Bruns, C. (2002): p. 54; Lister, M. (1997): pp. 44ff. 
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VAR σ            
with  VARi  = variance of the investment i, 
s
t i r ,   = continuous return of the investment i for the time point t, 
i r    = expected return of the investment i, 
n  = number of values/results in a (random) sample. 
Formula 4: Variance of a Single Investment 






















i i σ  
Formula 5: Standard Deviation of a Single Investment 
In principle, it does not matter whether the standard deviation or the variance is used as a risk 
measure. However, the standard deviation has the advantage to be graphically presentable.
９５ 
With the standard deviation the movements of investments’ returns around their means are 
measured mathematically. The higher the standard deviation, the higher the risk because the 
wider possible returns scattered, the higher the danger that the expected return will not be 
reached.
９６ 
These two distribution parameters, the expected return and dispersion of the return are esti-
mated from a (random) sample of the distribution and applied to the future. As the calculated 
values are dependent on a random sample, there are estimation errors. Observation periods 
which are shorter than one year make a comparison of return and risk more difficult. For the 
comparability of various investment alternatives an annual consideration is targeted. For this 
                                                 
９３ If the variance is calculated only from a small data sample, the divisor in the formula should be (n-1) instead 
of n. This is of especial importance if there are only few observed values. The difference decreases the larger 
the data sample is. Cf. Lange, K. (1996): p. 5; Poddig, T./Brinkmann, U./Seiler, K. (2005): p. 49; Breuer, 
W./Gürtler, M./Schuhmacher, F. (1999): p. 48 
９４ Cf. Lange, K. (1996): p. 5 
９５ Cf. Hielscher, U. (1999): p. 57. 
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purpose a conversion of the return and risk measures to a longer period than one year is nec-
essary (annualisation).
９７  










a p ⋅ =  
with 
s
HD r   = continuous return for the holding period of time, 
  T1  = 1 year (expressed in time units of the period T2), 
  T2  = holding period. 
Formula 6: Annualisation of Returns 
The conversion rule for continuous returns is: the return of a shorter holding period can be 
converted to the return of a longer period by multiplying the ratio of a longer and a shorter 
holding period.
９８ 




. . 2 T
T
T a p ⋅ =σ σ  
with  . .a p σ   = annualised standard deviation 
 
2 T σ   = standard deviation for the holding period T2. 
Formula 7: Annualisation of the Standard Deviation 
If  the  calculation  of  the  standard  deviation  is  based  on  daily  returns,  the  formula  is: 
. 2 250 T σ ⋅ ; for monthly returns the formula is:  . 12
2 T σ ⋅
９９ 
In the following section the results of the data analysis for various asset classes will be pre-
sented.  Data  in  the  form  of  monthly  returns  was  obtained  for  each  of  the  indices  from 
Bloomberg. 
The variance, or rather the standard deviation are only suitable as a risk measure for single 
investments. They are, however, an insufficient risk measure for a portfolio. The reason lies in 
existing compensating effects between single components of a portfolio (correlation) which 
are expressed by the covariance.
１００ The covariance expresses the statistical dependence of 
                                                 
９７ Cf. Lister, M. (1997): pp. 59ff. 
９８ Cf. Lister, M. (1997): pp. 44ff. 
９９ Cf. Steiner, M./Bruns, C. (2002): p. 61 
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the return developments of two investment alternatives, and determines the dimension of the 
portfolio risk reduction by a spreading of investments.
１０１  
It is characteristic for the variance or standard deviation that they decline if investment alter-
natives with not wholly positive correlated returns are combined to a portfolio. For an optimal 
portfolio many single investments are combined in such a way that the resulting combination 
shows the lowest variance or standard deviation, and therefore the lowest risk.
１０２ To calcu-
late the variance or standard deviation of the whole portfolio, the diversification effects be-
tween single investments should be taken into consideration with the covariance Covi,j. The 
mathematical formula for the covariance of two investments is the following:
１０３ 
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with  j i r r ,   = average returns (or expected returns) of investments i and j. 
Formula 8: Covariance of the Value Development of Two Investments of a Portfolio 
The correlation can also be expressed through a correlation coefficient with values between –
1 and +1. The correlation coefficient ρ is calculated through standardization of the covariance 













Formula 9: Correlation Coefficient 
A correlation coefficient equal +1 means that the value change of single investments is per-
fectly positively correlated and develops in the same direction. In this case no diversification 
effects exist (risk accumulation). 
A correlation coefficient equal 0 means that the value change of single investments is abso-
lutely independent from each other. Therefore a risk reduction through diversification is pos-
sible (risk spreading). 
A correlation coefficient equal -1 means a completely negative correlation. The value change 
of an investment always develops in the opposite direction than the value change of another 
position. As a result maximal diversification effects are possible (risk compensation, hedg-
ing). 
                                                 
１０１ Cf. Biermann, B./Grosser, K. (1999): p. 16; Kleeberg, J. M. (1995): p. 9; Rehkugler, H. (2002): p. 11 
１０２ Cf. Kleeberg, J.M. (1996): p. 587 
１０３ Cf. Steiner, M./Bruns, C. (2002): p. 8; Steiner, P./Uhlir, H. (2001): p. 138 
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Generally, only investments with a correlation coefficient below +1 should be combined with 
each other as the portfolio risk is then smaller than the average risk of all investment alterna-
tives in the portfolio. Thus, the risk reducing effect is larger the smaller the correlation coeffi-
cient is, or the fewer the value changes of single investments are dependent on each other. 
The variance of a portfolio σPF













j i j i j i
n
i
















j i j i
n
i




2 2 2 . 2 σ σ
１０６ 
Formula 10: Variance of a Portfolio 
In the selection of decision alternatives, it is not only important to find investments with low 
risk, but also to include such investment alternatives that have a low correlation with other 
portfolio components. If the risk value of single investments is simply added up, which is 
only correct for a correlation of +1, the actual risk of the portfolio would be over-estimated. 
5.3  Empirical Results Risk and Return 
In the literature, investing in commodity futures is assumed to be as rewarding as investing in 
equities. In 2005, Gorton and Rouwenhorst showed that commodity futures returns are nega-
tively correlated with equity and bond returns. They argued that this negative correlation be-
tween commodity futures and the other asset classes is due, in significant part, to a different 
behaviour over the business cycle. They also add that commodity futures are positively corre-
lated with inflation, unexpected inflation, and changes in expected inflation. But they also 
showed that over the period July 1959 till December 2004 a portfolio of equally weighted 
fully collateralised commodity futures offered the same return as equities but with a lower 
level of volatility.
１０７ 
The following picture presented by Erb and Harvey (cf. Exhibit 16 on the left) confirms this 
statement and shows that from 1969 to May 2004, the 12.2% compound annualised return of 
the GSCI compares favourably with an 11.2% return for the S&P500.
１０８ But looking at a 
different period in time the picture changes (cf. Exhibit 16 on the right). In 1975-2005 the 
GSCI provided less yield with a higher risk. 
                                                 
１０５ Cf. Hielscher, U. (1999): p. 59 
１０６  Für  die  Portfolios,  die  aus  nur  zwei  Anlagealternativen  bestehen,  ergibt  sich  beispielsweise: 
B A B A B B A A PF COV x x x x ,
2 2 2 2 2 2 ⋅ ⋅ + + = σ σ σ  
１０７ Cf. Gorton G./Rouwenhorst G. (2005): pp. 12ff. 
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  Source: Cf. Erb, C.B./Harvey, C.R. (2005): p. 2 and own calculations 
Including the DJ-AIG Commodity Index and considering other time periods provides further 
conclusions (cf. Exhibit 17).  







  Source: own calculations 
For the period 1991-2005 the picture for the GSCI is similar to that of the period 1975-2005, 
while the DG-AIGCI provides better risk-adjusted returns. The period 2001-2005 was obvi-
ously the period of the “bull market” for commodities. 
Thus, it is not possible to give a wholesale judgement that commodities are as good as equi-
ties, or even better. It is obvious that in order to be able to judge both asset classes, it is neces-
sary to take into consideration risk-adjusted performance measures on one side, and also the 
choice of the analysis time period with the corresponding state of the economy including the 
current stock, bond and commodity market situation, on the other side. 
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In order to compare stock and commodity investments, the performance measures were calcu-
lated in 5-year intervals. The five-year intervals in the US are 1976-1980, 1981-1985, 1986-
1990, 1991-1995, 1996-2000, 2001-2006(*).
１０９ For comparison of both investments the 
Sharpe-Ratio as risk-adjusted performance measure is applied which shows the risk per unit 
of return (cf. Exhibit 18).
１１０ 














  Source: own calculations 
These comparisons show that for example in the period from 1975 to 2006, commodities ac-
tually  provided  similar  returns  as  equities.  However,  considering  the  results  in  terms  of 
Sharpe-ratio, commodities were more risky than equities in the period 1975-2006. But in the 
period 1986-1990 the risk-adjusted performance measures of commodities were better than 
those of equities. The calculations for the international finance market lead to similar results.  
                                                 
１０９ (*)= through Mai 2006 
１１０ The risk-free-rate for the corresponding period is noted in the brackets in Exhibit 18. 
 
Period S&P 500 GSCI TR
1975-2006(*)
Annualised historical 
average return 7,21% 11,63%
Std. Dev. 15,37% 18,50%
Sharpe Ratio (6,19%) 0,07 0,29
1976-1980
Annualised historical 
average return 8,18% 12,96%
Std.Dev. 14,52% 19,04%
Sharpe Ratio (~7,04%) 0,08 0,31
1981-1985
Annualised historical 
average return 8,85% 1,73%
Std.Dev. 13,61% 11,10%
Sharpe Ratio (~8,71%) 0,01 -0,63
1986-1990
Annualised historical 
average return 8,93% 20,69%
Std.Dev. 19,36% 15,96%
Sharpe Ratio (~8,71%) 0,01 0,75
1991-1995
Annualised historical 
average return 12,47% 2,89%
Std.Dev. 9,93% 12,35%
Sharpe Ratio (~4,89%) 0,76 -0,16
1996-2000
Annualised historical 
average return 15,25% 7,89%
Std.Dev. 16,14% 19,49%
Sharpe Ratio (~4,89%) 0,64 0,15
2001-2006(*)
Annualised historical 
average return -0,72% 9,95%
Std.Dev. 14,62% 23,06%
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For a better overview, the calculation results for the five-year intervals are presented graphi-
cally in Exhibit 19. 









  Source: own calculation 
In the analysis of the five-year intervals there are three interesting periods for further consid-
eration: 1976-1980, 1986-1990 and 2001-2006 in which commodities showed a substantial 
outperformance compared to equities with equal or better risk-adjusted performance figures. 
It must be noted, however, that commodities are more volatile than equities. 
5.4  Empirical Correlation Results 
It is quite possible that commodities underperform equities in absolute terms and on a risk-
adjusted basis according to Sharpe-Ratio. Nevertheless, commodities may produce investment 
benefits when considered as an addition to a diversified portfolio. 
The decision to add an investment product to an existing portfolio depends on the means and 
variances of the existing portfolio and the investment vehicle as well as the correlation be-
tween the portfolio and the investment vehicle. The low or negative correlations of GSCI re-
turns with returns of the S&P 500 and Lehman Government Bond Index suggest such poten-
tial benefits.  
The correlation varies over time. Exhibit 20 shows the 3-year rolling development of the cor-
relation between commodities and equities, between commodities and bonds, and between 
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  Source: Bloomberg (data) 
As expected the prices of real assets and nominal assets move in opposite directions or have 
an uncorrelated relationship. 
Similarly, when considered as a global investment, the GSCI exhibited low or negative corre-
lations with the MSCI World Index and Lehman Global Bond Index. Comparable results hold 
for the DJ-AIGCI.  
To note that the negative correlation of commodity futures with stocks and bonds tends to 
increase with the holding period which suggests that the diversification benefits of commodity 
futures tend to be larger at longer horizons.
１１１ 
The above relationships are reflected in the performance of investment portfolios including 
the GSCI and DJ-AIGCI in various proportion. When added to a domestic portfolio of stocks 
and bonds, the GSCI (10%) helped to reduce the standard deviation of the portfolio from 
8.14%  to  7.91%  in  1975-2006.  Additionally,  the  risk-adjusted  performance  measured  by 
Sharpe-ratio improves too: it is 0.28 for the domestic stock and bond portfolio, and goes up to 
0.31 when the portfolio includes GSCI. Also, the coefficient of correlation showed that the 
whole portfolio with a 10% GSCI is less risky than the pure stock and bond portfolio. How-
ever, it is remarkable that an increase in commodity proportion leads to more volatile returns 
in the whole portfolio. This fact can be explained by a high correlation of the GSCI with the 
energy sector. It is known as one of the most volatile commodity sectors. The correlation of 
the GSCI and crude oil in 1986-2006 was 73% with a coefficient of determination of 53%. It 
is also remarkable that an increase in commodity proportion of up to 40% leads to the effect 
that the strength of the relationship between the portfolio and the benchmark GSCI decreases 
substantially. 
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The impact of including the DJ-AIG Commodity Index in a stock and bond portfolio is simi-
lar. At the domestic level, 10% DJ-AIGCI helps to reduce the standard deviation of the port-
folio from 7.47% to 6.76%.  
Generally, adding a small proportion of commodities to the portfolio results in improved per-
formance, i.e. increasing returns and a decreasing standard deviation. Similar results hold for 
global stock and bond portfolios. 
The next point of interest is the relationship strength between various commodity sectors. The 
following Exhibit 21 depicts the fact that correlations between commodity sectors are very 
low or negative for 2001-2006. 





  Source: Bloomberg (data), own calculations 
Remarkable and not surprising is the high correlation of the GSCI Energy index with the main 
index GSCI. 
Of note is also the time-varying nature of returns and correlations between  commodities. 
When constructing a commodity futures portfolio, the investor can potentially rely on the lack 
of correlation of a number of markets to dampen portfolio volatility. But if the investor is re-
lying on diversification, then he must be careful on commodity correlation properties. Corre-
lations amongst commodity markets can vary seasonally. At times seemingly unrelated mar-
kets can become temporarily highly correlated. This becomes problematic for portfolio diver-
sification because two commodities that become unexpectedly correlated, can increase (or 
even double) the risk. 
Normally, natural gas and corn prices are unrelated. But during the summer, they can be 
highly correlated. During a three-week period in July 1999, for example, natural gas and corn 
prices were with +85% highly correlated. Both corn and natural gas trades are heavily de-
pendent on the weather in the US Midwest. And in July, 1999, the Midwest had very high 
temperatures. During that time, both corn and natural gas futures prices responded in a nearly 
identical fashion to weather forecasts and realisations.
１１２  
                                                 
















GSCI Total Return 1.0000 0.0647 0.9863 0.2778 -0.0031 0.2183
GS Agriculture TR 0.0647 1.0000 -0.0468 0.2177 0.0238 0.1530
GS Energy TR 0.9863 -0.0468 1.0000 0.1812 -0.0580 0.1825
GS Industrial Metals TR 0.2778 0.2177 0.1812 1.0000 -0.0470 0.3968
GS Livestock TR -0.0031 0.0238 -0.0580 -0.0470 1.0000 -0.1271





Frankfurt School of Finance & Management 
Working Paper No. 81  50 
 
Therefore, it is important to understand what the key factors are which drive a strategy’s per-
formance and to use short-term recent data in calculating correlations. If two trades have 
common drivers, then it can be assumed that their respective performances will be similar. 
Recent data can frequently capture the time-varying nature of correlations that long-term data 
average out.
 １１３ 
5.5  Added Value in µ-σ σ σ σ-Framework: Efficient Line and Efficient Portfo-
lios 
Efficient portfolios emerge if the possibility of risk reduction through diversification is ex-
ploited as far as it is possible and reasonable. Below the efficient frontier there are return-/ 
risk-combinations, which are allowed but are inefficient because they have a lower return 
with the same risk compared to the portfolio on the efficient line. The so called minimum-
variance-portfolio (MVP) stands at the beginning of the efficient curve and has the lowest risk 
in a whole set of efficient portfolios.
１１４ 
An investor-specific optimal portfolio lies on the efficient line. The tangential point of the risk 
indifference curve and efficient line presents the optimal portfolio of the investor. The selec-
tion of an optimal portfolio is subjective and depends on the risk aversion of an investor.
１１５ 
The investor chooses the portfolio which promises the optimal utility for the investor, accord-
ing to his risk attitude, from a whole set of efficient portfolios.
１１６ Thus, the investor will 
change the weightings of the single portfolio components as long as the portfolio features the 
desired return-risk-structure. The selection of an optimal structure of the portfolio and conse-
quently the position of tangential portfolio on the efficient line, is dependent on the risk atti-
tude of the investor.
１１７ The risk preference of the investor is presented by a risk indifference 






                                                 
１１３ Cf. Till, H., Eagleeye, J. (2003): p. 22 
１１４ Cf. Kleeberg, J.M. (1996): p. 587 
１１５ Cf. Breuer, W./Gürtler, M./Schuhmacher, F. (1999): pp. 40ff.; Garz, H./Günther, S./Moriabadi, C. (1997): 
p. 61 
１１６ The Utility function is determined as
2
P P U σ λ µ ⋅ − =  with the risk aversion parameter Lambda which 
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Source: www.kent.kellogg.northwestern.edu 
For each single risk preference there is an unique risk indifference curve. At each single point 
of the risk indifference curve the risk of the investor is the same. The portfolio theory takes 
into account individual return and risk preferences of the investor, provides as a result an op-
timal combination of investment alternatives and gives a clear activity recommendation for 
the investor.
１１８ 
The common opinion nowadays is that commodities as a whole should be seen as a means of 
the portfolio diversification and a means of the risk-return-enhancement anyway.
１１９ 
In 1994, two World Bank researchers Satyanarayan and Varangis noted that: “[…] the effi-
cient frontier with commodity assets lies everywhere higher than the [international]  portfolio 
without commodity assets, implying that for the same levels of return (risk), the portfolio with 
commodity assets provides lesser (higher) risk (return).”
１２０ The results of their research are 







                                                 
１１８ Cf. Garz, H./Günther, S./Moriabadi, C. (1997): p. 18. 
１１９ Cf. Bodie, Z./Rosansky, V.I. (1980): pp. 27ff.; Jensen, G.R./ Johnson, R.R./ Mercer, J.M. (2002): pp. 100ff. 
１２０ Satyanarayan, S./Varangis, P. (1994): p. 19 
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Source: Satyanarayan, S./Varangis, P. (1994): p.19 
The diversification benefits of commodities have also been studied by Ankrim and Hensel 
(1993), and Becker and Finnerty (2000). For instance, Becker and Finnerty established that 
the inclusion of long commodity futures contracts (CRB and GSCI) in portfolios improved 
the risk and return performance of stock and bond portfolios for the period of 1970 through 
1990. They observed that the improvement is more pronounced for the 1970s than the 1980s 
due to the high inflation of the 1970s with commodities acting as an inflation hedge.
１２１ 
The principal argument for investing in commodities is that investing in assets that rise in 
price parallel to inflation provides a natural hedge against losses in equity and debt holdings 
which typically lose value during periods of unexpected inflation. While previous studies 
have concentrated on measuring commodity returns during high and low inflation periods, the 
real benefits of commodity investment may lie in periods of unexpected rises in inflation. An-
ticipated inflation, which results in high bond yields and high equity earnings growth, may 
result in positive real returns for stocks and bonds. It is the unexpected inflation that should 
cause concern to every investor. In periods of unexpected inflation, market conditions may 
often lead to an increase in commodity prices, together with a weakness in stocks and bonds 
and thus provide a natural hedge against inflation.
１２２ 
In the literature some authors differentiate between phases in the business cycle, and show 
that in a time of restrictive monetary policy commodities are actually able to provide portfolio 
return enhancement, whereas in a time of an expansive monetary policy it is more reasonable 
to “avoid” commodities and look for better investment alternatives.
１２３  
In 2002, Jensen, Mercer, and Johnson examined the diversification benefits of adding com-
modity futures to a traditional portfolio that consists of US equities, foreign equities, corpo-
rate bonds, and Treasury bills from 1973 through to 1999. Consistent with previous evidence, 
                                                 
１２１ Cf. Becker, K./Finnerty, J. (2000): pp. 4ff. 
１２２ Cf. CISDM (2005): p. 11 
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they found that commodity futures substantially enhance portfolio performance for investors 
and that managed futures provide the greatest benefit. They show that the benefits of adding 
commodity futures accrue almost exclusively when the Federal Reserve is following a restric-
tive monetary policy which is a consequence of the inflationary environment. The results also 
suggest that metals and agricultural futures contracts offer the biggest diversification benefits 
for investors. Overall, the findings indicate that investors should gauge monetary conditions 
to determine the optimal allocation of commodity futures within a portfolio, and whether a 
short or a long position should be established in a particular type of contract.
 １２４ 
The objective of this work is to investigate how commodities as a portfolio component behave 
regarding the risk-return-enhancement over various periods of time. 
Building on the results of Section 5.3 the further analysis concentrates on the identification of 
profitable situations by adding commodities in a stock and bond portfolio, represented by the 
Standard & Poor’s 500 and Lehman US Government Bond indices. All calculations are pre-
sented for the GSCI while the calculations for the DJ-AIGCI provide a similar picture. 
In Exhibit 24 a set of efficient lines for the overall period from 1976 to May 2006 is pre-
sented. 







   
Source: own calculations 
The picture reveals the fact that commodities did not really provide a better risk-return ratio 
over the whole period. In this case, only if the investor has a risk tolerance of above 12% the 
commodity  addition  to a  pure  equity  portfolio  would  provide  an  insignificant  risk-return-
enhancement and cause only a small upwards shift of the efficient line. 
The picture changes for the years 1976-1980, a period of time with a high inflation (cf. Ex-
hibit 25). 
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Source: own calculations 
In these years including commodities in the portfolio was a profitable decision. It was a pe-
riod in which commodity indices provided considerably better performance figures than the 
stock indices. 
However, the picture for the years 1991 to 1999 in which equity indices provided extraor-
dinary returns shows the exact opposite (cf. Exhibit 26). 







   
 
 
Source: own calculations 
 
The most impressive picture emerges for the years 2001 to 2006 with the equity market 
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  Source: own calculations 
During that time a combination of commodities and bonds provided the best investment re-
sults while equities underperformed. 
The empirical evidence on the statistical properties of commodity investments has confirmed 
the theoretically established positive effect of investing in commodities only in selected time 
periods. Nevertheless, it is obvious that it is not possible to issue a general recommendation 
that commodities should belong to the portfolio of each investor.  
5.6  Criticism of Standard Deviation as Risk Measure 
In the traditional and widely accepted mean-variance approach to portfolio management, a 
portfolio’s investment risk is defined by its volatility of returns, measured by the standard 
deviation, or, equivalently, by the variance of the portfolio’s return distribution. Using stan-
dard deviation as the measure of risk implies the understanding that both right and left devia-
tions from the mean return are risky. Even the founder of the modern portfolio theory Harry 
Markowitz  originally  suggested  a  risk  measure  involving  only  negative  outcomes  (semi-
variance), but rejected that approach in favour of standard deviation only in order to simplify 
the calculations.
１２５ 
If investment returns are symmetrically distributed, particularly in the form of a normal distri-
bution (“bell-shaped” curve), the chances of a positive outcome a certain distance away from 
the mean of the distribution are just as great as the chances of a negative outcome an equal 
distance in the opposite direction. But for not normally distributed investment returns stan-
dard deviation is an insufficient risk measure. For example, commodities can never lose their 
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real value. On the other hand, the potential upside gains on commodities are virtually unlim-
ited. The commodities returns can be described by a right-skewed distribution rather than a 
normal distribution. In a right-skewed distribution there are more chances for an upside de-
velopment than for a downside so that downside risk is limited. Consequently, standard devia-
tion insufficiently characterises the risk of a right-skewed investment as it is ignoring the fact 
that most of the investment’s volatility is on the “good” side of the investment’s expected 
return.
１２６ 
More complex downside risk measures with the only focus on the likelihood of undesirable 
investment results are provided by a family of statistics known as Lower Partial Moments 
(LPM). They can provide a better but also more complex solution for the portfolio optimisa-
tion problem.  
 
6  Summary and Outlook 
From the early 1990’s to the present, the proposed role of commodities in traditional portfo-
lios has changed depending on the macroeconomic and financial environment. Judging by 
historical results, this asset class can provide attractive absolute and relative returns in the 
appropriate  macroeconomic  environments.  But  like  indexed  equity  investments,  due  care 
must be exercised in deciding when and how much to allocate. For example, investing in 
commodities in 1998 was unlucky because the GSCI was in deep contango at that time. This 
example emphasizes that the risks in commodity investments are similar to the risks in equity 
market investments, especially in the case of an investment in commodities when they are in 
surplus or in unfavourable macroeconomic environments. 
Direct commodity investment or investments in commodity futures can provide significant 
portfolio diversification benefits beyond those achievable from commodity-based stock and 
bond investment. These benefits stem from the unique relationship of commodities to market 
forces such as unexpected inflation.  
The objective of this work was to explain the investment possibilities in the commodity mar-
kets, and to examine whether commodities as an asset class are able to contribute to enhance 
of the risk-return-ratio of a portfolio. 
As a result of this empirical study a note can be made that commodities as an asset class pro-
vided such enhancement only in select periods of time, for example periods with an inflation-
ary environment and restrictive monetary policy. The statement that commodities have out-
performed other investment options in the past is a wholesale one and highly dependent on 
the time period analysed.  
                                                 
１２６ A simple mathematical transformation can often convert a right-skewed distribution to a normal (or rather 
“lognormal) distribution but there is no empirical evidence that such lognormal distribution adequately charac-
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Adding a commodity component to a diversified portfolio of assets was based on the Portfolio 
Selection Models and resulted in an enhanced risk-adjusted performance in many cases. But 
the application of passive investment strategies with commodities is relatively difficult as the 
input factors such as expected return and risk measure (standard deviation or other) can only 
be estimated from historical data and can not be simply extrapolated into the future because 
the commodity returns development is subject to numerous factors both on the supply and 
demand side. 
From the macro-economic point of view the point in time to invest in commodities is in 
phases with a high expected and unexpected inflation rate. 
Besides that, the time to invest in commodities is during times of low inventories and when 
their futures curves are in backwardation.
１２７ 
Taking into consideration the current effects of all essential factors such as the continued 
growth of the global economy, a persistent demand for commodities from Asia, China, etc., 
the US dollar depreciation and resulting rising interest rates during the last months in the USA 
as well as in the EU, the strengthening of the monetary policy, a rising government budget 
deficit, the energy shortage and business cycle phases, it can be assumed that commodities 
can offer benefit opportunities for the next years. 
In recent years, investable commodity indices and commodity linked assets have increased the 
number of available commodity-based products. For the next years two further developments 
in the commodity market are expected. First, there will be an improvement of the future con-
tracts liquidity because of their increasing usage among producers forced to hedge their prod-
ucts against commodity price changes. Second, a growing popularity of commodities amongst 
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